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There are severalmethods in the literature for solving transportation problems by represent-
ing the parameters as normal fuzzy numbers. Chiang [J. Chiang, The optimal solution of the
transportation problem with fuzzy demand and fuzzy product, J. Inform. Sci. Eng. 21 (2005)
439–451] pointed out that it is better to represent the parameters as (k,q) interval-valued
fuzzy numbers instead of normal fuzzy numbers and proposed amethod to ﬁnd the optimal
solution of single objective transportation problems by representing the availability and
demand as (k,q) interval-valued fuzzy numbers. In this paper, the shortcomings of the exist-
ingmethod are pointed out and to overcome these shortcomings, a newmethod is proposed
to ﬁnd solution of a linear multi-objective transportation problem by representing all the
parameters as (k,q) interval-valued fuzzy numbers. To illustrate the proposed method a
numerical example is solved. The advantages of the proposed method over existing method
are also discussed.
 2011 Elsevier Inc. All rights reserved.1. Introduction
The transportation problem can be formulated as a linear programming problem where the constraints have a special
structure. In classical form the transportation problem minimizes the cost of transporting some product that is available
at some sources (m) and required at some destinations (n). However in most real world problems the complexity of the social
and economic environment requires the explicit consideration of objective functions other than cost. These objectives are
frequently in conﬂict, measured in different scales and difﬁcult to combine in one overall utility function. In multi-objective
transportation problems, the concept of optimal solution gives place to the concept of non-dominated solutions (feasible
solutions for which no improvement in any objective function is possible without sacriﬁcing on at least one of the other
objective functions).
Several researchers have carried out investigations on multi-objective transportation problems. Aneja and Nair [1] pro-
posed a method to solve a bicriteria transportation problem. Isermann [2] developed an algorithm for identifying all the
non-dominated solutions, for a linear multi-objective transportation problem. Ringuest and Rinks [3] developed two inter-
active algorithms to obtain the solution of linear multi-objective transportation problems. Bit et al. [4] developed a proce-
dure using fuzzy programming technique for the solution of linear multi-objective transportation problems.
Various effective algorithms are developed for solving transportation problems with the assumption that the co-efﬁcients
of the objective function, availability and demand are speciﬁed in crisp manner. However, these conditions may not be sat-
isﬁed always. For example, the unit transportation cost, availability and demand are rarely constant. To deal with such sit-
uations, Zadeh [5] ﬁrst introduced the concept of fuzzy set theory.. All rights reserved.
ta), amit_rs_iitr@yahoo.com (A. Kumar).
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the solution. Das et al. [7] proposed a method to solve the multi-objective transportation problems in which the co-efﬁcients
of the objective functions as well as the source and destination parameters are in the form of interval. Further references in
this direction can be found in [8–11].
Chiang [12] pointed out that it is better to represent the availability and demand as (k,q) interval-valued fuzzy numbers
instead of normal fuzzy numbers and proposed a method to ﬁnd the optimal solution of single objective transportation prob-
lems by representing the availability and demand as (k,q) interval-valued fuzzy numbers.
In real life situations there may be need to represent all the parameters (cost, availability and demand) as (k,q) interval-
valued fuzzy numbers. But the existing method [12] cannot be used to solve such type of real life problems.
In this paper, the shortcomings of the existing method [12] are pointed out and to overcome these shortcomings, a new
method is proposed for ﬁnding the solution of a linear multi-objective transportation problem by representing all the param-
eters as (k,q) interval-valued fuzzy numbers. The advantages of the proposed method over existing method are also
discussed. To illustrate the proposed method, a numerical example is solved.
This paper is organized as follows: In Section 2, deﬁnitions and arithmetic operations related to interval-valued fuzzy num-
bers are reviewed. In Section 3, the formulation of linear multi-objective transportation problems in crisp and fuzzy environ-
ment are presented. In Section 4, shortcomings of existingmethod are pointed out. In Section 5, a newmethod is proposed for
solving linear multi-objective transportation problem in which all the parameters (cost, availability and demand) are repre-
sented by (k,q) interval-valued fuzzy numbers. In Section 6, to illustrate the proposedmethod, a numerical example is solved.
In Section7 advantages of proposedmethodover existingmethodare described. In Section8, results are discussed. Conclusions
are discussed in Section 9.
2. Preliminaries
In this section, some necessary background and notions of interval-valued fuzzy numbers are reviewed [13].
Deﬁnition 2.1. If the membership function of the fuzzy set eA on R is
leAðxÞ ¼
kðxaÞ
ðbaÞ ; a < x 6 b;
kðcxÞ
ðcbÞ ; b 6 x < c;
0; otherwise;
8><>:
where 0 < k 6 1 then eA is called a level k fuzzy number and it is denoted as eA ¼ ða; b; c; kÞ:
Deﬁnition 2.2. An interval-valued fuzzy set eA on R is given by eA, x; leAL ðxÞ;leAU ðxÞh i  : x 2 Rn o, where
leAL ðxÞ; leAU ðxÞ 2 ½0;1 and leAL ðxÞ 6 leAU ðxÞ8x 2 R and is denoted as eA ¼ eAL; eAUh i. This means that the grade of membership
of x belongs to the interval leAL ðxÞ;leAU ðxÞh i; the least grade of membership at x is leAL ðxÞ and greatest grade of membership
at x is leAU ðxÞ
LetleAL ðxÞ ¼
kðxaÞ
ðbaÞ ; a < x 6 b;
kðcxÞ
ðcbÞ ; b 6 x < c;
0; otherwise:
8><>:
Then eAL ¼ ða; b; c; kÞ:
LetleAU ðxÞ ¼
qðxpÞ
ðbpÞ ; p < x 6 b;
qðrxÞ
ðrbÞ ; b 6 x < r;
0; otherwise:
8><>:
Then eAU ¼ ðp; b; r;qÞ: Here 0 < k 6 q 6 1 and p < a < b < c < r
Then interval-valued fuzzy set is:eA, x; leAL ðxÞ;leAU ðxÞh i  : x 2 Rn o
is also denoted as:eA ¼ ða; b; c; kÞ; ðp; b; r;qÞ½  ¼ eAL; eAUh i:
eA is called a level (k,q) interval-valued fuzzy number (Fig. 1).
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Fig. 1. Level (k,q) interval-valued fuzzy number.
A. Gupta, A. Kumar / Applied Mathematical Modelling 36 (2012) 1421–1430 1423Property 2.1. Let FIV(k,q) = {[(a,b,c;k), (p,b, r;q)] :"p < a < b < c < r}, 0 < k 6 q 6 1 be the family of (k,q) interval-valued fuzzy
numbers.
Let eA ¼ ½ða; b; c; kÞ; ðp; b; r;qÞ and eB ¼ ½ða1; b1; c1; kÞ; ðp1; b1; r1;qÞ 2 FIV (k,q) be two interval-valued fuzzy numbers. The
arithmetic operations between interval-valued fuzzy numbers eA and eB are deﬁned as follows:eA  eB ¼ ½ðaþ a1; bþ b1; c þ c1; kÞ; ðpþ p1; bþ b1; r þ r1;qÞ;
keA ¼ ½ðka; kb; kc; kÞ; ðkp; kb; kr;qÞ; k > 0;
keA ¼ ½ðkc; kb; ka; kÞ; ðkr; kb; kp;qÞ; k < 0;
keA ¼ ½ð0;0;0; kÞ; ð0;0; 0;qÞ; k ¼ 0:Deﬁnition 2.3. Let a; 0 2 R; the signed distance from a to 0 is deﬁned as d(a,0) = a.Deﬁnition 2.4. Let eA ¼ ða; b; c; kÞ; ðp; b; r;qÞ½  2 FIV ðk;qÞ; 0 < k 6 q 6 1;
So, the signed distance of eA from ~0 (y-axis) is given as:d0ðeA; ~0Þ ¼ 18 6bþ aþ c þ 4pþ 4r þ 3ð2b p rÞ kq
 
: ð1ÞRemark 2.1. If eA ¼ ða a3; a; aþ a4; kÞ; ða a1; a; aþ a2;qÞ½ ; where 0 < a3 < a1 < a, 0 < a4 < a2, then (1) reduces to
d0ðeA; ~0Þ ¼ 2aþ 18 ða4  a3Þ þ 4 3kq ða2  a1Þh i
Remark 2.2. If eA ¼ ½ða; a; a; kÞ; ða; a; a;qÞ; then (1) reduces to d0ðeA; ~0Þ ¼ 2a:
Deﬁnition 2.5. For each 0 < k 6 q 6 1, let eA; eB 2 FIV ðk;qÞ: The ranking of level (k,q) interval-valued fuzzy numbers in FIV(k,q)
using signed distance function d0 is deﬁned aseB  eA iff d0ðeB; ~0Þ < d0ðeA; ~0Þ;eB  eA iff d0ðeB; ~0Þ ¼ d0ðeA; ~0Þ:
1424 A. Gupta, A. Kumar / Applied Mathematical Modelling 36 (2012) 1421–1430Property 2.2. Let eA ¼ ½ða; b; c; kÞ; ðp; b; r;qÞ and eB ¼ ½ða1; b1; c1; kÞ; ðp1; b1; r1;qÞ 2 FIV ðk;qÞ: Then:
d0ðeA  eB; ~0Þ ¼ d0ðeA; ~0Þ þ d0ðeB; ~0Þ;
d0ðkeA; ~0Þ ¼ kd0ðeA; ~0Þ; k > 0:It is clear from Property 2.2, that the signed distance ranking is a linear ranking on FIV(k,q).3. Linear multi-objective transportation problems
In this section, linear programming formulation of linear multi-objective transportation problems in crisp and fuzzy envi-
ronment are presented.
3.1. Linear multi-objective transportation problems in crisp environment
In this section, the linear programming formulation of linear multi-objective transportation problems in crisp environ-
ment is presented [4].
Linear multi-objective transportation problem may be stated mathematically as:P1 : Minimize ZkðxÞ ¼Pm
i¼1
Pn
j¼1
ckijxij; where k ¼ 1;2; . . . ;K
subject toPn
j¼1
xij ¼ ai; i ¼ 1;2; . . . ;m
Pm
i¼1
xij ¼ bj; j ¼ 1;2; . . . ;n
x ¼ fxijgP 0;8i; jwhere Z(x) = {Z1(x),Z2(x), . . . ,ZK(x)} is a vector of K objective functions. The variable xij represents the amount of the product to
be shipped from ith source to jth destination. ckij is the penalty associated with transporting a unit of the product from ith
source to jth destination according to penalty criterion k. ai represents the availability at ith source and bj represents the de-
mand at jth destination. Without loss of generality, it may be assumed that ai > 0"i, bj > 0"j, and ckij P 08i; j andPm
i¼1ai ¼
Pn
j¼1bj:
3.2. Linear multi-objective transportation problems in fuzzy environment
In this section, the linear programming formulation of linear multi-objective transportation problems in fuzzy environ-
ment is presented.
Let all the parameters (cost, availability and demand) be represented by level (k,q) interval-valued fuzzy numbers. Then
P1 in fuzzy environment is:P2 : Minimize eZkðxÞ Pm
i¼1
Pn
j¼1
~ckijxij; where k ¼ 1;2; . . . ;K
subject toPn
j¼1
xij~1  ~ai; i ¼ 1;2; . . . ;m
Pm
i¼1
xij~1  ~bj; j ¼ 1;2; . . . ;n
x ¼ fxijgP 0;8i; j
with Xm
i¼1
~ai 
Xn
j¼1
~bj;where~ai ¼ ½ðai  a3i; ai; ai þ a4i; kÞ; ðai  a1i; ai; ai þ a2i;qÞ
and 0 < a3i < a1i < ai, 0 < a4i < a2i, i = 1,2, . . . ,m.
A. Gupta, A. Kumar / Applied Mathematical Modelling 36 (2012) 1421–1430 1425Similarly, interval-valued fuzzy numbers ~bj and ~ckij are given as:~bj ¼ ½ðbj  b3j; bj; bj þ b4j; kÞ; ðbj  b1j; bj; bj þ b2j;qÞ
and 0 < b3j < b1j < bj, 0 < b4j < b2j, j = 1,2, . . . ,n~ckij ¼ ckij  Dk3ij; ckij; ckij þ Dk4ij; k
 
; ckij  Dk1ij; ckij; ckij þ Dk2ij;q
 h iand 0 < Dk3ij < D
k
1ij < c
k
ij; 0 < D
k
4ij < D
k
2ij; for i = 1,2, . . . ,m, j = 1,2, . . . ,n and k = 1,2, . . . ,K.~1 ¼ ½ð1;1;1; kÞ; ð1;1;1;qÞ:4. Shortcomings of the existing method
In this section, the shortcomings of the existing methods [12] are pointed out.
(i) The existing methods [12] can be applied only for solving single objective transportation problems of the type:P3 : Minimize ZðxÞ ¼Pm
i¼1
Pn
j¼1
cijxij
subject toPn
j¼1
xij~1  ~ai; i ¼ 1;2; . . . ;m
Pm
i¼1
xij~1  ~bj; j ¼ 1;2; . . . ;n
x ¼ fxijgP 0; 8i; j
along with the conditions:Xm
i¼1
~ai 
Xn
j¼1
~bj and
Xm
i¼1
ai ¼
Xn
j¼1
bj;where~ai ¼ ½ðai  a3i; ai; ai þ a4i; kÞ; ðai  a1i; ai; ai þ a2i;qÞ
and 0 < a3i < a1i < ai, 0 < a4i < a2i~bj ¼ ðbj  b3j; bj; bj þ b4j; kÞ; ðbj  b1j; bj; bj þ b2j;qÞ
 and 0 < b3j < b1j < bj, 0 < b4j < b2j~1 ¼ ½ð1;1;1; kÞ; ð1;1;1;qÞ:If the condition
Pm
i¼1ai ¼
Pn
j¼1bj is not satisﬁed in problem P3, then the existing method [12] cannot be used for solving prob-
lems of the type P3, because the conditions
Pm
i¼1~ai 
Pn
j¼1
~bj and
Pm
i¼1ai –
Pn
j¼1bj lead to violation of consistency condition
given by equation number (26) in [12]. For example, it is not possible to ﬁnd the solution of single objective transportation
problem, chosen in Example 4.1, by using the existing method [12], as the condition
P3
i¼1ai ¼
P4
j¼1bj is not satisﬁed.Example 4.1Minimize ZðxÞ ¼ 2x11 þ 4x12 þ 1413 þ 14x14 þ 2x21 þ 18x22 þ 6x23 þ 8x24 þ 16x31 þ 18x32 þ 8x33 þ 12x34
subject toP4
j¼1
xij~1  ~ai; i ¼ 1;2;3
P3
i¼1
xij~1  ~bj; j ¼ 1;2;3;4
x ¼ fxijgP 0; 8i; j
with
P3
i¼1
~ai 
P4
j¼1
~bj
where the values of ~ai for i ¼ 1;2;3 and ~bj for j ¼ 1;2;3;4 are given as :
1426 A. Gupta, A. Kumar / Applied Mathematical Modelling 36 (2012) 1421–1430~a1 ¼ ½ð6;7;12;0:6Þ; ð5;7;15;0:9Þ; ~a2 ¼ ½ð17;20;21;0:6Þ; ð11;20;22;0:9Þ;
~a3 ¼ ½ð15;16;21;0:6Þ; ð14;16;24;0:9Þ; ~b1 ¼ ½ð10;11;12;0:6Þ; ð9;11;13;0:9Þ;
~b2 ¼ ½ð1:5;2;4:5;0:6Þ; ð1;2;10; 0:9Þ; ~b3 ¼ ½ð13;14;15;0:6Þ; ð11;14;17;0:9Þ;
~b4 ¼ ½ð14;15;20;0:6Þ; ð13;15;23;0:9Þ;(ii) The existing method [12] cannot be used for solving real life transportation problems in which all the parameters (cost,
availability and demand) are represented by (k,q) interval-valued fuzzy numbers. For example, the existing methods [12]
cannot be used for solving single objective transportation problem chosen in Example 4.2, as all the parameters cij, ai, bj
are represented by (k,q) interval-valued fuzzy numbers.Example 4.2Minimize eZðxÞ P3
i¼1
P4
j¼1
~cijxij
subject toP4
j¼1
xij~1  ~ai; i ¼ 1;2;3
P3
i¼1
xij~1  ~bj; j ¼ 1;2;3;4
x ¼ fxijgP 0; 8i and j
with
P3
i¼1
~ai 
P4
j¼1
~bj
where the values of ~cij; for i ¼ 1;2;3; j ¼ 1;2;3;4 are :
~c11 ¼ ½ð0:5;1;1:5;0:6Þ; ð0:25;1;1:75;0:9Þ; ~c12 ¼ ½ð0:5;1;5:5;0:6Þ; ð:25;1;7:75;0:9Þ;
~c13 ¼ ½ð4;6;12;0:6Þ; ð2;6;16;0:9Þ; ~c14 ¼ ½ð6;7;8;0:6Þ; ð5;7;9;0:9Þ;
~c21 ¼ ½ð0:4;0:5;2:6;0:6Þ; ð0:25; 0:5;3:75;0:9Þ; ~c22 ¼ ½ð6;8;12;0:6Þ; ð5;8;18;0:9Þ;
~c23 ¼ ½ð2;3;4;0:6Þ; ð1;3;5; 0:9Þ; ~c24 ¼ ½ð2;3;4;0:6Þ; ð1;3;13;0:9Þ;
~c31 ¼ ½ð5;7;13;0:6Þ; ð3;7;17;0:9Þ; ~c32 ¼ ½ð8:5;9;9:5;0:6Þ; ð7;9;11;0:9Þ;
~c33 ¼ ½ð2;3;4;0:6Þ; ð1;3;13;0:9Þ; ~c34 ¼ ½ð5;6;7; 0:6Þ; ð3;6;9;0:9Þ;The values of ~ai for i = 1, 2, 3 and ~bj for j = 1, 2, 3, 4 are given as:~a1 ¼ ½ð6;7;12;0:6Þ; ð5;7;15;0:9Þ; ~a2 ¼ ½ð17;20;21;0:6Þ; ð11;20;22;0:9Þ;
~a3 ¼ ½ð15;16;21;0:6Þ; ð14;16;24;0:9Þ; ~b1 ¼ ½ð10;11;12;0:6Þ; ð9;11;13;0:9Þ;
~b2 ¼ ½ð1:5;2;4:5;0:6Þ; ð1;2;10; 0:9Þ; ~b3 ¼ ½ð13;14;15;0:6Þ; ð11;14;17;0:9Þ;
~b4 ¼ ½ð14;15;20;0:6Þ; ð13;15;23;0:9Þ:5. Proposed method
In this section, to overcome the shortcomings pointed out in Section 4, a newmethod is proposed for the solution of linear
multi-objective transportation problem P2 in which all the parameters (cost, availability and demand) are represented by
(k,q) interval-valued fuzzy numbers.
Now the various steps to ﬁnd the solution of problem P2 are:
Step 1 Applying signed distance ranking function d0 to problem P2, we have:Minimize d0ðeZkðxÞ;~0Þ¼d0 Pm
i¼1
Pn
j¼1
~ckijxij;
~0
 !
; k¼1;2; .. . ;K
subject to
d0
Pn
j¼1
xij~1;~0
 !
¼d0ð~ai;~0Þ; i¼1;2; . .. ;m
d0
Pm
i¼1
xij~1;~0
 	
¼d0ð~bj;~0Þ; j¼1;2;. . .;n
x¼fxijgP0; 8i;j
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Xm
i¼1
~ai; ~0
 !
¼ d0
Xn
j¼1
~bj; ~0
 !
:Step 2 Using Property 2.2 and Remark 2.1, the crisp model of problem P2 is:P4 : Minimize ZkðxÞ ¼Pm
i¼1
Pn
j¼1
ckij
 1
xij; k ¼ 1;2; . . . ;K
subject toPn
j¼1
xij ¼ ðaiÞ1; i ¼ 1;2; . . . ;m
Pm
i¼1
xij ¼ ðbjÞ1; j ¼ 1;2; . . . ;nfor consistencyPm
i¼1
ðaiÞ1 ¼
Pn
j¼1
ðbjÞ1;
x ¼ fxijgP 0 8i; j;
where,ZkðxÞ ¼ d0ðeZkðxÞ; ~0Þ
ðckijÞ1 ¼ 2ckij þ
1
8
Dk4ij  Dk3ij
 
þ 4 3k
q
 	
Dk2ij  Dk1ij
  
ðaiÞ1 ¼ ai þ 116 ða4i  a3iÞ þ 4
3k
q
 	
ða2i  a1iÞ
 
ðbjÞ1 ¼ bj þ 116 ðb4j  b3jÞ þ 4
3k
q
 	
ðb2j  b1jÞ
 
:Step 3 Now P4 is classical multi-objective transportation problem and can be solved by any classical multi-objective linear
programming approach.
6. Numerical example
In this section, proposed method is illustrated with the help of a numerical example:
Example 6.1. Let us consider the following linear multi-objective transportation problem and solve it using proposed
method.Minimize eZ1ðxÞ P3
i¼1
P4
j¼1
~c1ijxij
Minimize eZ2ðxÞ P3
i¼1
P4
j¼1
~c2ijxij
subject toP4
j¼1
xij~1  ~ai; i ¼ 1;2;3
P3
i¼1
xij~1  ~bj; j ¼ 1;2;3;4
x ¼ fxijgP 0; 8i; j with P3
i¼1
~ai 
P4
j¼1
~bj
where the values of ~ckij; for i ¼ 1;2;3; j ¼ 1;2;3;4 and k ¼ 1;2 are :
~c111 ¼ ½ð0:5;1;1:5;0:6Þ; ð0:25;1;1:75; 0:9Þ; ~c112 ¼ ½ð0:5;1;5:5;0:6Þ; ð:25;1;7:75;0:9Þ;
~c113 ¼ ½ð4;6;12;0:6Þ; ð2;6;16; 0:9Þ; ~c114 ¼ ½ð6;7;8;0:6Þ; ð5;7;9;0:9Þ;
~c121 ¼ ½ð0:4;0:5;2:6;0:6Þ; ð0:25;0:5;3:75; 0:9Þ; ~c122 ¼ ½ð6;8;12;0:6Þ; ð5;8;18;0:9Þ;
~c123 ¼ ½ð2;3;4;0:6Þ; ð1;3;5;0:9Þ; ~c124 ¼ ½ð2;3;4; 0:6Þ; ð1;3;13;0:9Þ;
~c131 ¼ ½ð5;7;13;0:6Þ; ð3;7;17; 0:9Þ; ~c132 ¼ ½ð8:5;9;9:5;0:6Þ; ð7;9;11;0:9Þ
1428 A. Gupta, A. Kumar / Applied Mathematical Modelling 36 (2012) 1421–1430~c133 ¼ ½ð2;3;4;0:6Þ; ð1;3;13; 0:9Þ; ~c134 ¼ ½ð5;6;7;0:6Þ; ð3;6;9;0:9Þ;
~c211 ¼ ½ð2;3;4;0:6Þ; ð1;3;13; 0:9Þ; ~c212 ¼ ½ð3;4;5;0:6Þ; ð2;4;6;0:9Þ;
~c213 ¼ ½ð2:5;3;3:5;0:6Þ; ð1;3;5;0:9Þ; ~c214 ¼ ½ð1:5;2;4:5;0:6Þ; ð1;2;10;0:9Þ;
~c221 ¼ ½ð3;5;7;0:6Þ; ð2;5;8;0:9Þ; ~c222 ¼ ½ð6;7;8;0:6Þ; ð5;7;17;0:9Þ
~c223 ¼ ½ð7;10;11;0:6Þ; ð1;10;12;0:9Þ; ~c224 ¼ ½ð9;10;11;0:6Þ; ð8;10;12;0:9Þ;
~c231 ¼ ½ð4;5;8;0:6Þ; ð3;5;14; 0:9Þ; ~c232 ¼ ½ð0:5;1;5:5;0:6Þ; ð0:25;1;7:75;0:9Þ;
~c233 ¼ ½ð3;5;7;0:6Þ; ð2;5;8;0:9Þ; ~c234 ¼ ½ð0:5;1;1:5;0:6Þ; ð0:25;1;1:75;0:9Þ;The values of ~ai for i = 1, 2, 3 and ~bj for j = 1, 2, 3, 4 are given as:~a1 ¼ ½ð6;7;12;0:6Þ; ð5;7;15;0:9Þ; ~a2 ¼ ½ð17;20;21;0:6Þ; ð11;20;22;0:9Þ;
~a3 ¼ ½ð15;16;21;0:6Þ; ð14;16;24;0:9Þ; ~b1 ¼ ½ð10;11;12;0:6Þ; ð9;11;13;0:9Þ;
~b2 ¼ ½ð1:5;2;4:5;0:6Þ; ð1;2;10; 0:9Þ; ~b3 ¼ ½ð13;14;15;0:6Þ; ð11;14;17;0:9Þ;
~b4 ¼ ½ð14;15;20;0:6Þ; ð13;15;23;0:9Þ:Solution: Using Step 1 and Step 2 of proposed method, the crisp model P4 for Example 6.1 is:Minimize Z1ðxÞ ¼ 2x11 þ 4x12 þ 14x13 þ 14x14 þ 2x21 þ 18x22 þ 6x23 þ 8x24 þ 16x31 þ 18x32 þ 8x33 þ 12x34
Minimize Z2ðxÞ ¼ 8x11 þ 8x12 þ 6x13 þ 6x14 þ 10x21 þ 16x22 þ 18x23 þ 20x24 þ 12x31 þ 4x32 þ 10x33 þ 2x34
subject toP4
j¼1
x1j ¼ 8;
P4
j¼1
x2j ¼ 19;
P4
j¼1
x3j ¼ 17
P3
i¼1
xi1 ¼ 11;
P3
i¼1
xi2 ¼ 3;
P3
i¼1
xi3 ¼ 14;
P3
i¼1
xi4 ¼ 16
x ¼ fxijgP 0 8i; j
Solving using fuzzy programming technique [14], the non-dominated solution is:
x11 = 3.79, x12 = 3, x13 = 1.21, x21 = 7.21, x23 = 11.79, x33 = 1, x34 = 16 and fuzzy values of objective functions are:eZ1ðxÞ ¼ ½ð116:699;152:025;218:611; 0:6Þ; ð66:71;152:025;292:23;0:9ÞeZ2ðxÞ ¼ ½ð134:765;201:95;245:555; 0:6Þ; ð43:21;201:95;308:48;0:9Þ:
7. Advantages of proposed method over existing method
In this section, it is shown that by using the proposed method all the shortcomings of the existing method [12], discussed
in Section 4, are removed and also it is shown that it is better to use proposed method for solving transportation problems,
occurring in real life situations as compared to the existing method [12].
(i) In Section 4, it is pointed out that existing method [12] cannot be applied to ﬁnd solution of Example 4.1, as the con-
dition
Pm
i¼1ai ¼
Pn
j¼1bj is not satisﬁed. But using the proposed method, Example 4.1 may be solved as:Minimize ZðxÞ ¼ 2x11 þ 4x12 þ 14x13 þ 14x14 þ 2x21 þ 18x22 þ 6x23 þ 8x24 þ 16x31 þ 18x32 þ 8x33 þ 12x34
subject toP4
j¼1
xij~1  ~ai; i ¼ 1;2;3
P3
i¼1
xij~1  ~bj; j ¼ 1;2;3;4
x ¼ fxijgP 0; 8i; j
with
P3
i¼1
~ai 
P4
j¼1
~bj
where the values of ~ai for i ¼ 1;2;3 and ~bj for j ¼ 1;2;3;4 are given as :
~a1 ¼ ½ð6;7;12;0:6Þ; ð5;7;15;0:9Þ; ~a2 ¼ ½ð17;20;21;0:6Þ; ð11;20;22;0:9Þ;
~a3 ¼ ½ð15;16;21;0:6Þ; ð14;16;24;0:9Þ; ~b1 ¼ ½ð10;11;12;0:6Þ; ð9;11;13;0:9Þ;
~b2 ¼ ½ð1:5;2;4:5;0:6Þ; ð1;2;10;0:9Þ; ~b3 ¼ ½ð13;14;15;0:6Þ; ð11;14;17;0:9Þ;
~b4 ¼ ½ð14;15;20;0:6Þ; ð13;15;23;0:9Þ:
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subject toP4
j¼1
x1j ¼ 8;
P4
j¼1
x2j ¼ 19;
P4
j¼1
x3j ¼ 17
P3
i¼1
xi1 ¼ 11;
P3
i¼1
xi2 ¼ 3;
P3
i¼1
xi3 ¼ 14;
P3
i¼1
xi4 ¼ 16
x ¼ fxijgP 0;8i and j
:The above transportation problem may be solved by using any classical transportation method. The optimal solution of
above problem is x11 = 5, x12 = 3, x21 = 6, x24 = 13, x33 = 14, x34 = 3 and Z(x) = 286.
(ii) In Section 4, it is pointed out that existing method [12] cannot be applied to ﬁnd the solution of Example 4.2 as all the
parameters are represented by (k,q) interval-valued fuzzy numbers. But using the proposed method, it can be solved as:Minimize eZðxÞ P3
i¼1
P4
j¼1
~cijxij
subject toP4
j¼1
xij~1  ~ai; i ¼ 1;2;3
P3
i¼1
xij~1  ~bj; j ¼ 1;2;3;4
x ¼ fxijgP 0;8i and j
with
P3
i¼1
~ai 
P4
j¼1
~bj
where the values of ~cij; for i ¼ 1;2;3; j ¼ 1;2;3;4 are :
~c11 ¼ ½ð0:5;1;1:5;0:6Þ; ð0:25;1;1:75;0:9Þ; ~c12 ¼ ½ð0:5;1;5:5;0:6Þ; ð:25;1;7:75;0:9Þ;
~c13 ¼ ½ð4;6;12;0:6Þ; ð2;6;16;0:9Þ; ~c14 ¼ ½ð6;7;8; 0:6Þ; ð5;7;9;0:9Þ;
~c21 ¼ ½ð0:4;0:5;2:6; 0:6Þ; ð0:25; 0:5;3:75;0:9Þ; ~c22 ¼ ½ð6;8;12;0:6Þ; ð5;8;18;0:9Þ;
~c23 ¼ ½ð2;3;4;0:6Þ; ð1;3;5; 0:9Þ; ~c24 ¼ ½ð2;3;4;0:6Þ; ð1;3;13;0:9Þ;
~c31 ¼ ½ð5;7;13;0:6Þ; ð3;7;17;0:9Þ; ~c32 ¼ ½ð8:5;9;9:5;0:6Þ; ð7;9;11;0:9Þ
~c33 ¼ ½ð2;3;4;0:6Þ; ð1;3;13;0:9Þ; ~c34 ¼ ½ð5;6;7;0:6Þ; ð3;6;9;0:9Þ;The values of ~ai for i = 1, 2, 3 and ~bj for j = 1, 2, 3, 4 are given as:~a1 ¼ ½ð6;7;12;0:6Þ; ð5;7;15; 0:9Þ; ~a2 ¼ ½ð17;20;21;0:6Þ; ð11;20;22;0:9Þ;
~a3 ¼ ½ð15;16;21;0:6Þ; ð14;16;24; 0:9Þ; ~b1 ¼ ½ð10;11;12;0:6Þ; ð9;11;13;0:9Þ;
~b2 ¼ ½ð1:5;2;4:5;0:6Þ; ð1;2;10;0:9Þ; ~b3 ¼ ½ð13;14;15;0:6Þ; ð11;14;17;0:9Þ;
~b4 ¼ ½ð14;15;20;0:6Þ; ð13;15;23; 0:9Þ:Solution: Using Step 1 and Step 2 in the proposed method, we getMinimize ZðxÞ ¼ 2x11 þ 4x12 þ 14x13 þ 14x14 þ 2x21 þ 18x22 þ 6x23 þ 8x24 þ 16x31 þ 18x32 þ 8x33 þ 12x34
subject toP4
j¼1
x1j ¼ 8;
P4
j¼1
x2j ¼ 19;
P4
j¼1
x3j ¼ 17
P3
i¼1
xi1 ¼ 11;
P3
i¼1
xi2 ¼ 3;
P3
i¼1
xi3 ¼ 14;
P3
i¼1
xi4 ¼ 16
x ¼ fxijgP 0;8i; j
The above transportation problem may be solved by using any classical transportation method. The optimal solution of
above problem is x11 = 5, x12 = 3, x21 = 6, x24 = 13, x33 = 14, x34 = 3 and fuzzy optimal value of objective function is:eZðxÞ ¼ ½ð75:4;110;168:6;0:6Þ; ð39:5;110;432:5; 0:9Þ:
(iii) The existing method [12] can be applied for solving single objective transportation problems. But, the proposed method
can be used for solving both single objective and multi-objective transportation problems.
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It is obvious from Sections 4 and 7 that the existing method can be applied for solving a special type of single objective
transportation problems but the proposed method can be applied for solving all single and multi-objective transportation
problems occurring in real life problems. Hence, it is better to use the proposed method instead of existing method [12]
for solving the transportation problems occurring in real life problems.
9. Conclusions
In this paper, shortcomings of an existing method [12] are pointed out and to overcome these shortcomings, a new meth-
od is proposed to ﬁnd solution of a linear multi-objective transportation problem by representing all the parameters as (k,q)
interval-valued fuzzy numbers. To illustrate the proposed method a numerical example is solved.
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